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A first terminal recetves data in a first OFDM symbol, where the data 1s sent
by a second terminal in a second OFDM symbol, the [irst OFDM symbol is 101
synchronized by the first terminal according to first timing intormation sent /
by a base station, and the second OFDM symbol i1s synchronized by the
second terminal according to second timing information sent by the base
station

If the first OI'DM symbol i1s not synchronized with the second OIFDM 102

symbol, the first terminal does not process residual data that is sent by the

second terminal 1n the second OFDM symbol and that exceeds a time
indicated by the first OFDM symbol
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FIG. 3
201
A first terminal determines a distance between the first terminal and a second
terminal
The first terminal determines, according to a correspondence between a distance 202

and a cyclic pretix type of an OFDM symbol, a cyclic prefix type of an OFDM
symbol corresponding to the distance

The first terminal receives data in a first OFDM symbol that has the determined 203
cyclic prefix type, where the data 1s sent by the second terminal in a second
OFDM symbol, the first OFDM symbol 1s synchronized by the first terminal
according to first timing information sent by a base station, and the second
OFDM symbol 1s synchronized by the second terminal according to second
timing information sent by the base station

%

[T the first OFDM symbol 1s not synchronized with the second OFDM symbol, 704
the first terminal does not process residual data that is sent by the second /

terminal in the second OFDM symbol and that exceeds a time indicated by the
tirst OFDM symbol

FIG. 4
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TERMINAL-TO-TERMINAL
COMMUNICATION METHOD AND
TERMINAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-

cation No. PCT/CN2013/073810, filed on Apr. 7, 2013,
which claims priority to Chinese Patent Application No.
201210205421.9, filed on Jun. 20, 2012, both of which are

hereby incorporated by reference 1n their entireties.

TECHNICAL FIELD

The present invention relates to wireless communications
technologies, and in particular, to a terminal-to-terminal
communication method and a terminal.

BACKGROUND

Direct communication between a terminal and a terminal
(Device to Device (D2D)) enables direct communication
between terminal devices without requiring any intermedi-
ate 1nfrastructure. Therefore, the direct communication
between terminal devices can use spectrum resources more
ciiciently, increase a capacity of a cellular network, and
reduce overheads of control signaling of a base station.

Although all systems such as wireless fidelity (Wi-Fi1),
Bluetooth® (BT) and an ad-hoc network (Ad-Hoc) 1n the
prior art may implement D21 communication, a complex
maintenance problem of timing occurs. This problem 1is:
Receive timing of a terminal that receives a D2D signal
needs to align with uplink timing or downlink timing of a
terminal that sends the D2D signal at the peer end. During
D2D communication, a terminal maintains not only its
transmit timing but also its receive timing, resulting in
complex maintenance of timing and high energy consump-
tion of the terminal.

SUMMARY

In view of this, embodiments of the present invention
provide a terminal-to-terminal communication method, so as
to resolve a complex maintenance problem of timing during
D2D communication.

According to one aspect, an embodiment of the present
invention provides a terminal-to-terminal communication
method, including: recerving, by a first terminal, data 1n a
first orthogonal frequency division multiplexing (OFDM)
symbol, where the data 1s sent by a second terminal 1n a
second OFDM symbol, the first OFDM symbol 1s synchro-
nized by the first terminal according to first timing infor-
mation sent by a base station, and the second OFDM symbol
1s synchromized by the second terminal according to second
timing information sent by the base station; and if the first
OFDM symbol 1s not synchronized with the second OFDM
symbol, skipping processing, by the first terminal, residual
data that 1s sent by the second terminal in the second OFDM
symbol and that exceeds a time indicated by the first OFDM
symbol.

In the foregoing terminal-to-terminal communication
method, before the receiving, by a first terminal, data in a
first OFDM symbol, the method turther includes: determin-
ing, by the first terminal, a distance between the {irst
terminal and the second terminal; and determining, by the
first terminal according to a correspondence between a
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2

distance and a cyclic prefix type of an OFDM symbol, a
cyclic prefix type of an OFDM symbol corresponding to the
distance; where accordingly, the first OFDM symbol 1s an
OFDM symbol that has the determined cyclic prefix type.

In the foregoing terminal-to-terminal communication
method, the correspondence between a distance and a cyclic
prefix type of an OFDM symbol includes: 1f the distance 1s
less than or equal to a first preset distance, the cyclic prefix
type of the OFDM symbol 1s a normal cyclic prefix type or
an extended cyclic prefix type; or if the distance 1s greater
than a first preset distance and less than or equal to a second
preset distance, the cyclic prefix type of the OFDM symbol
1s an extended cyclic prefix type.

In the foregoing terminal-to-terminal communication
method, the determining, by the first terminal, a distance
between the first terminal and the second terminal 1includes:
acquiring, by the first terminal, location information of the
second terminal; and determining, by the first terminal, the
distance between the first terminal and the second terminal
according to the location information.

In the foregoing terminal-to-terminal communication
method, where skipping processing, by the first terminal,
residual data that 1s sent by the second terminal in the second
OFDM symbol and that exceeds a time indicated by the first
OFDM symbol 1t the first OFDM symbol 1s not synchro-
nized with the second OFDM symbol, includes: if the first
OFDM symbol 1s not synchronized with the second OFDM
symbol, receiving, by the first terminal 1n a next OFDM
symbol of the first OFDM symbol, the residual data that 1s
sent by the second terminal in the second OFDM symbol and
that exceeds the time indicated by the first OFDM symbol,
but skipping processing the residual data.

In the foregoing terminal-to-terminal communication
method, the skipping processing, by the first terminal,
residual data that 1s sent by the second terminal in the second
OFDM symbol and that exceeds a time indicated by the first
OFDM symbol 1t the first OFDM symbol 1s not synchro-
nized with the second OFDM symbol, includes: 11 the first
OFDM symbol 1s not synchronized with the second OFDM
symbol, skipping receiving and skipping processing, in a
next OFDM symbol of the first OFDM symbol, the residual
data that 1s sent by the second terminal 1n the second OFDM
symbol and that exceeds the time indicated by the first
OFDM symbol.

According to another aspect, an embodiment of the pres-
ent invention provides a terminal, including: a receiving
module configured to receive data in a first OFDM symbol,
where the data 1s sent, 1n a second OFDM symbol, by a peer
terminal that performs terminal-to-terminal commumnication
with the terminal, the first OFDM symbol 1s synchronized by
the terminal according to first timing information sent by a
base station, and the second OFDM symbol 1s synchronized
by the peer terminal according to second timing information
sent by the base station; and a processing module configured
to, 11 the first OFDM symbol 1s not synchronized with the
second OFDM symbol, skip processing residual data that 1s
sent by the peer terminal 1n the second OFDM symbol and
that exceeds a time 1ndicated by the first OFDM symbol.

The foregoing terminal further includes: a distance deter-
mining module configured to determine a distance between
the terminal and the peer terminal; a storing module con-
figured to store a correspondence between a distance and a
cyclic prefix type of an OFDM symbol; and a cyclic prefix
type determining module configured to determine, according
to the correspondence between a distance and a cyclic prefix
type of an OFDM symbol, a cyclic prefix type of an OFDM
symbol that corresponds to the distance and 1s determined by
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the distance determining module; where accordingly, the
receiving module configured to receive data 1n a first OFDM

symbol that has the determined cyclic prefix type.

In the foregoing terminal, the distance determining mod-
ule includes: a location acquiring unit configured to acquire
location information of the peer terminal; and a determining
unit configured to determine the distance between the ter-
minal and the peer terminal according to the location infor-
mation.

In the foregoing terminal, the processing module 1s spe-
cifically configured to: it the first OFDM symbol 1s not
synchronized with the second OFDM symbol, receive, 1n a
next OFDM symbol of the first OFDM symbol, residual data
that 1s sent by the peer terminal 1n the second OFDM symbol
and that exceeds the time indicated by the first OFDM
symbol, but skip processing the residual data.

In the foregoing terminal, the processing module 1s spe-
cifically configured to: it the first OFDM symbol 1s not
synchronized with the second OFDM symbol, skip receiving
and skip processing, in a next OFDM symbol of the first
OFDM symbol, residual data that 1s sent by the peer terminal
in the second OFDM symbol and that exceeds the time
indicated by the first OFDM symbol.

By using the foregoing solutions, two terminals 1n D2D
communication may send and receive data separately at their
uplink timing or downlink timing, thereby avoiding a prob-
lem 1n the prior art that a terminal at a receive end needs to
maintain receive timing by using a complex synchromzation
process, and simplifying maintenance of D2D communica-
tion timing. In addition, by using a terminal-to-terminal
communication method provided by embodiments of the
present invention, a terminal does not need to change its
receive timing even 1f a peer terminal of the communication
changes.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic flowchart of a terminal-to-terminal
communication method according to a first embodiment of
the present mnvention;

FIG. 2 1s a schematic diagram of a specific timing
structure instance of terminal uplink timing and downlink
timing;

FIG. 3 1s a schematic diagram of a specific instance 1n step
102 that 1s executed 1n a terminal-to-terminal communica-
tion method according to a first embodiment of the present
imnvention;

FI1G. 4 1s a schematic flowchart of a terminal-to-terminal
communication method according to a first embodiment of
the present invention;

FIG. 5 1s a schematic diagram illustrating comparison
between a timeslot of normal cyclic prefix (CP) type and a
timeslot of extended CP type;

FIG. 6 1s a schematic diagram of a specific instance of a
location relationship between two terminals 1n terminal-to-
terminal communication;

FIG. 7 1s a schematic diagram of a timing relationship that
two terminals 1n terminal-to-terminal communication share
an uplink frequency of cellular commumnication;

FIG. 8 1s a schematic diagram of another specific instance
ol a location relationship between two terminals 1n terminal-
to-terminal communication;

FI1G. 9 1s a schematic diagram of a timing relationship that
two terminals 1n terminal-to-terminal communication share
a downlink frequency of cellular communication;

FIG. 10 1s a schematic diagram of a relationship between
delay extension and each timing when two terminals 1n
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4

terminal-to-terminal communication share an uplink fre-
quency of cellular communication;

FIG. 11 1s a schematic diagram of a specific instance of a
base station timing structure;

FIG. 12 1s a schematic diagram of a location relationship
of each terminal 1n a specific instance of multiple-transmiut-
ting single-receiving and multiple-transmitting multiple-re-
ceiving that 1s implemented by using a terminal-to-terminal
communication method according to an embodiment of the
present 1nvention;

FIG. 13 1s a timing structure and transceiver schematic
diagram of each terminal 1n a specific istance of multiple-
transmitting single-receiving and multiple-transmitting mul-
tiple-receiving that 1s implemented by using a terminal-to-
terminal communication method according to an
embodiment of the present invention;

FIG. 14 1s a schematic structural diagram of a first
embodiment of a terminal according to the present mven-
tion; and

FIG. 15 1s a schematic structural diagram of a second
embodiment of a terminal according to the present mven-
tion.

DESCRIPTION OF EMBODIMENTS

To make the objectives, technical solutions, and advan-
tages of the embodiments of the present invention clearer,
the following clearly describes the technical solutions in the
embodiments of the present invention with reference to the
accompanying drawings in the embodiments of the present
invention. Apparently, the described embodiments are a part
rather than all of the embodiments of the present application.
All other embodiments obtained by persons of ordinary skall
in the art based on the embodiments of the present applica-
tion without creative eflorts shall fall within the protection
scope of the present application.

In addition, a character */” 1n this specification generally
indicates that front and rear association objects are of an “or”
relationship.

As shown in FIG. 1, a first embodiment of the present
invention provides a terminal-to-terminal communication
method. As shown 1n the figure, the terminal-to-terminal
communication method described 1n the first embodiment
includes:

Step 101: A first terminal recerves data 1n a first OFDM
symbol, where the data 1s sent by a second terminal 1n a
second OFDM symbol, the first OFDM symbol 1s synchro-
nized by the first terminal according to first timing infor-
mation sent by a base station, and the second OFDM symbol
1s synchronized by the second terminal according to second
timing information sent by the base station.

When the base station sends the first timing information
to the first terminal, 1f the first timing information 1s a
synchronization signal, the first terminal performs synchro-
nization according to the synchronization signal to obtain
downlink timing; and 11 the first timing information 1s timing
advance information, the first terminal performs synchroni-
zation according to the timing advance information and
downlink timing to obtain uplink timing. Similarly, when the
base station sends the second timing information to the
second terminal, 11 the second timing information 1s a
synchronization signal, the second terminal performs syn-
chronization according to the synchronization signal to
obtain downlink timing; and if the second timing 1informa-
tion 1s timing advance information, the second terminal
performs synchronization according to the timing advance
information and downlink timing to obtain uplink timing.
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Specifically, timing structures of the uplink timing and
downlink timing, as shown in FIG. 2, both include a
subframe 3. Each subframe includes two timeslots 5, and
cach timeslot 5 includes seven OFDM symbols. FIG. 2
shows only a case 1n which a cyclic prefix of an OFDM
symbol 1s a normal cyclic prefix type. If a cyclic prefix of an
OFDM symbol 1s an extended cyclic prefix type, each
timeslot includes seven OFDM symbols. It can be leamnt
based on the foregoing description that, in this step, the
second terminal sends data at its uplink timing or downlink
timing, and the first terminal receives, at 1ts uplink timing or
downlink timing, the data sent by the second terminal.

Step 102: If the first OFDM symbol 1s not synchronized
with the second OFDM symbol, the first terminal does not
process residual data that 1s sent by the second terminal in
the second OFDM symbol and that exceeds a time 1indicated
by the first OFDM symbol.

Specifically, as shown 1 FIG. 3, a D2D terminal user
equipment (UE)1 sends the data in an OFDM symbol 8 at 1ts
uplink timing or downlink timing, and a D2D terminal UE2
receives the data in an OFDM symbol 9 at 1ts uplink timing,
or downlink timing. If the OFDM symbol 8 1s not synchro-
nized with the OFDM symbol 9, the D2D terminal UE2 does
not process residual data 10, that 1s, data 1n a grid area of the
figure, which 1s sent by the D2D terminal UE] in the OFDM
symbol 8 and exceeds a time indicated by the OFDM symbol
9.

In the first embodiment, a solution 1n which two D2D
communication terminals both send and receive data at their
uplink timing or downlink timing 1s used, thereby avoiding
a problem 1n the prior art that a D2D terminal at a receive
end needs to maintain receive timing by using a complex
synchronization process, and simplifying maintenance of
D2D communication timing. In addition, 1n the first embodi-
ment, a manner ol skipping processing residual data 1s
turther used, thereby avoiding an overhead problem 1n the
prior art that a D2D communication terminal requires an
receiver (RX)/transmitter (1X) switch time between receiv-
ing a signal and sending a signal. In the first embodiment,
the residual data 1s not processed, so that a terminal may
immediately start to send a signal in a next symbol at 1its
uplink timing or downlink timing, without requiring the
RX/TX switch time 1n the prior art, thereby reducing waste
of time. In addition, because a technical solution provided 1n
the first embodiment 1s used, a D2D terminal at a receive end
does not need to align with transmit timing of a D2D
terminal at a transmit end when receiving a signal. There-
fore, the technical solution 1n this embodiment 1s applicable
to a multiple-transmitting single-recerving or multiple-trans-
mitting multiple-receiving scenario.

Further, for the description 1n step 102 1n the foregoing
first embodiment, that 1s, 1f the first OFDM symbol 1s not
synchronmized with the second OFDM symbol, the first
terminal does not process residual data that 1s sent by the
second terminal in the second OFDM symbol and that
exceeds the time indicated by the first OFDM symbol, which
specifically may be one of the following two cases:

In the first case, 1f the first OFDM symbol 1s not syn-
chronized with the second OFDM symbol, the first terminal
receives, in a next OFDM symbol of the first OFDM symbol,
residual data that 1s sent by the second terminal in the second
OFDM symbol and that exceeds the time indicated by the
first OFDM symbol, but does not process the residual data.

In the second case, 1f the first OFDM symbol 1s not
synchronized with the second OFDM symbol, the first
terminal does not recerve and not process, 1 a next OFDM
symbol of the first OFDM symbol, residual data that 1s sent
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by the second terminal 1n the second OFDM symbol and that
exceeds the time indicated by the first OFDM symbol.

As shown 1n FIG. 4, a second embodiment of the present
invention provides a terminal-to-terminal communication
method. The terminal-to-terminal communication method
described 1n the second embodiment includes:

Step 201: A first terminal determines a distance between
the first terminal and a second terminal.

The first terminal acquires location information of the
second terminal. The first terminal determines the distance
between the first terminal and the second terminal according
to the location information. The first terminal may acquire,
by receiving a discovery subirame sent by the second
terminal, location information of the second terminal. The
discovery subirame carries the location mnformation of the
second terminal. Alternatively, the first terminal acquires the
location information of the second terminal by using a
global positioning system (GPS).

Step 202: The first terminal determines, according to a
correspondence between a distance and a cyclic prefix type
of an OFDM symbol, the cyclic prefix type of the OFDM
symbol corresponding to the distance.

To eliminate interchannel interference (ICI) caused by
multipath propagation, in an actual system, before an OFDM
symbol 1s sent to a channel, a CP 1s first added to the OFDM
symbol, and then the OFDM symbol 1s sent to the channel
for transmission. CPs are classified into CPs of a normal CP
type and CPs of an extended CP type according to type. As
described in the following Table 1, the correspondence
between a distance and a cyclic prefix type of an OFDM
symbol includes: If the distance 1s less than or equal to a first
preset distance, the cyclic prefix type of the OFDM symbol
1s a normal cyclic prefix type or an extended cyclic prefix
type; or if the distance 1s greater than a first preset distance
and 1s less than or equal to a second preset distance, the
cyclic prefix type of the OFDM symbol 1s an extended cyclic

prefix type.

TABLE 1

Correspondence between a distance and a cyclic prefix
type of an OFDM symbol

Cyclic prefix type

Distance (m) of an OFDM symbol

Normal cyclic prefix type or
extended cyclic prefix type
Extended cyclic prefix type

Less than or equal to a first preset
distance

Greater than a first preset distance
and less than or equal to a second
preset distance

Step 203: The first terminal receives data 1n the first
OFDM symbol that has the determined cyclic prefix type,
where the data 1s sent by a second terminal in a second
OFDM symbol, the first OFDM symbol 1s synchronized by
the first terminal according to first timing mformation sent
by a base station, and the second OFDM symbol 1s syn-
chronized by the second terminal according to second timing
information sent by the base station.

Actually, to avoid interference, of different D2D terminal
signals, uplink signals of other cellular terminals or down-
link signals of base stations, with D2D communication
signals between the first terminal and the second terminal,
two conditions need to be ensured. In the first condition, a
time at which the first terminal receirves data sent by the
second terminal must be later than the moment at which the
first terminal starts receiving a signal at uplink timing or
downlink timing. In the second condition, a delay that data
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sent by the second terminal arrives at the first terminal falls
within a CP range of an OFDM symbol corresponding to a
signal recetved by the first terminal at uplink timing or
downlink timing. Therefore, for long-distance D2D com-
munication, to meet the foregoing conditions, the first ter-
minal needs to choose to receive data in an OFDM symbol
of an extended CP type. The time 1n a CP segment of an
OFDM symbol of the extended CP type 1s longer than the
time 1n a CP segment of an OFDM symbol of a CP type.
FIG. 5 shows a schematic diagram of comparison between
timeslot 1nstances of two CP types. For a timeslot of a
normal CP type, a CP length of a start OFDM symbol 1s 160
Ts and a tail length of the OFDM symbol 1s 2048 Ts, and CP
lengths of other OFDM symbols are all 144 Ts and tail
lengths of the other OFDM symbols are all 2048 Ts, then
duration of a timeslot of a normal CP type 1s 7x2048
Ts+6x144 Ts+1x160 Ts=15360 Ts=0.5 ms. For a timeslot of
an extended CP type, a CP length of each OFDM symbol 1s
512 Ts, and a tail length of the OFDM length 1s 2048 Ts, then
duration of a timeslot of an extended CP type 1s 6x2048
1s+6x3512 Ts=15360 1s=0.5 ms.

Step 204: It the first OFDM symbol 1s not synchronized
with the second OFDM symbol, the first terminal does not
process residual data that 1s sent by the second terminal in
the second OFDM symbol and that exceeds a time indicated
by the first OFDM symbol.

In the second embodiment, a D2D terminal determines,
according to an actual distance between the terminal and a
peer D2D terminal, whether the D2D terminal receives data
in an OFDM symbol of a normal CP type or an OFDM
symbol of an extended CP type, so as to improve anti-
interference performance of D2D communications terminals
in receiving and sending data separately at their uplink
timing or downlink timing, and to eflectively avoid inter-
ference between communication signals of different D2D
terminals and interference with an uplink signal of a cellular
terminal or a downlink signal of a base station. The second
embodiment 1s applicable to a timing structure, which
includes both an OFDM symbol of a normal CP type and an
OFDM symbol of an extended CP type, of a cell of the base
station.

It should be noted here that, the foregoing two conditions
may be obtained based on the following justification pro-
CEesS.

In the first condition, the time at which a receiving
terminal receives data sent by a sending terminal must be
later than the moment at which the receiving terminal starts
receiving a signal at uplink timing or downlink timing. A
justification process that may use a technical solution pro-
vided 1 embodiments of the present invention to meet the
first condition 1s as follows:

1. Scenario 1n which D2D Communication Shares an
Uplink Frequency of Cellular Communication.

As shown 1n FIG. 6, a first termunal D2D UE]1 and a
second terminal D2D_UE2 perform D2D communication 1n
a cell to which a base station eNB belongs. It 1s assumed that
D2D_UEl sends data at its uplink timing T, moment,
D2D_UE2 receives, at 1ts uplink timing T, moment, the data
sent by D2D_UEI, and the data sent by D2D_UEI1 arrives
at D2D_UE2 at 'T,' moment, as shown in FIG. 7. An uplink
timing difference between D2D_UE] and D2D_UE2 1s:

AT=1>-T1=(1p-T1)-(Tp-15) (1)

In the foregoing formula (1), T, 1s timing of the base

station, Tx-T, 1s a time required for data transmission
between D2D_UE] and the base station, and T;-T, 1s a time
required for data transmission between D2D_UE2 and the
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base station. Then, T,'-T, 1s a time required for data trans-
mission between D2D UE] and D2D UE2. With reference
to FIG. 6, according to a geometric theorem, the following
may be obtained: a distance between D2D_UE2 and the base
station minus a distance between D2 UFEl and the base
station 1s less than a distance between D2D UEl and
D2D UE2, that 1s:

(2)

1=y (3)

In the foregoing formula (2), V 1s a speed of data
transmission. The foregoing formula (3) may be obtained by
deduction according to the formula (2). It can be learnt from
the foregoing description that, the time T,' that data sent by
D2D_UE]1 arrnives at D2D_UE2 must be later than the uplink
timing T, of D2D_UE2 (as shown 1n FIG. 7). In this case,
D2D UE2 may completely receive the data sent by
D2D_UE].

2. Scenario i which D2D Communication Shares a
Downlink Frequency of Cellular Communication.

A method 1n the scenario 2 i1s similar to a method 1n the
foregoing scenario 1 in which an uplink frequency of
cellular communication 1s shared. As shown in FIG. 8, a
third terminal D2 UE3 and a fourth terminal D2D UFE4
perform D2D communication in a cell to which a base
station belongs. It 1s assumed that D2D_UE3 sends data at
its downlink timing T, moment, D2D_UE4 receives, at 1ts
downlink timing T, moment, the data sent by D2D_UE3,
and the data sent by D2D_UE3 arrives at D2D_UE4 at T,
moment, as shown i FIG. 9. A downlink timing difference
between D2 UE3 and D2D UE4 1s:

AT=T,-T3=(14-13)-(13-Tp)

(4)

In the foregoing formula (4), T, 1s timing of the base
station, T,~T; 1s a time required for data transmission
between D2D_UE4 and the base station, and T;-T 5 1s a time
required for data transmission between D2D_UE3 and the
base station. Then, T;'-T; 1s a time required for data trans-
mission between D2D UE3 and D2D UE4. With reference
to FIG. 8, according to a geometric theorem, the following
may be obtained: a distance between D2D_UE4 and the base
station minus a distance between D2 UE3 and the base
station 1s less than a distance between D2D UE3 and
D2D UEA4, that 1s:

(3)

Iy=Ty (6)

In the foregoing formula (5), V 1s a speed of data
transmission. The foregoing formula (6) may be obtained by
deduction according to the formula (3). It can be learnt from
the foregoing description that, the time T;' that data sent by
D2D UE3 arrives at D2D UE4 must be later than the
downlink timing T, of D2D_UE4 (as shown 1n FIG. 9). In
this case, D2D_UE4 may completely receive the data sent
by D2D_UE3.

In the second condition, a delay that data sent by a sending,
terminal arrives at a receiving terminal must fall within a CP
range of an OFDM symbol corresponding to a signal
received by the receiving terminal at uplink timing or
downlink timing. A justification process that may use a
technical solution provided in embodiments of the present
invention to meet the second condition is as follows:

In a techmical solution provided in embodiments of the
present invention, two D2D communications terminals both
send and receive data at their uplink timing or downlink
timing, and this solution totally depends on a CP to coun-
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teract a recerving delay and multipath delay, thereby avoid-
ing inter-carrier interference and inter-symbol interference.
Therefore, a length of a CP restricts a distance of D2D
communication. With reference to a D2D communication
instance shown in FIG. 6, 1t 15 assumed that D2D UE2 sends
data at 1ts uplink timing T, moment, D2D_UFEI] receives, at
its uplink timing T, moment, the data sent by D2D_UE2,
and D2D_UE] receives the data sent by D2D_UE2 ata T
moment. It 1s assumed that a signal delay of D2D_UE2 1s
extended to T,", then the delay i1s extended to T ~=1,"-T,'
(as shown 1n FIG. 10). In this case, a time diflerence of a
delay that the data sent by D2D_UE2 arrives at D2D_UFEI1

15.

=27 5+7T (7)

In the foregoing formula (7), when and only when
T,-T,=T , an equal sign in the inequality 1s justitied. T, , 1s
the time when data 1s transmitted from D2D UE2 to
D2D_UEIL. Generally, 1t may be considered that T =T, ,. In
this case, a maximum delay time 1s AT, =3T,,. It can be
learnt from the foregoing analysis that, to enable a maximum
delay, for which signals of a D2D UE with different transmut
signals arrive at a same recerving signal, to fall within a CP
range, that1s AT,  =3T,,=T_,, a maximum communication
distance 1s:

(8)

In the foregoing formula (8), T_, 1s duration of a CP.
Obtained by calculation according to formula (2), for a
normal CP type, 1f a length of time of a normal CP segment
1s 4.69 microseconds (us), a maximum communication
distance 1s 469 meters (m). For an extended CP type, 1f a
length of time of an extended CP segment 1s 1.667 us, a
maximum communication distance 1s 1667 m. It can be
learnt from the foregoing description that, a first preset
distance described i1n Table 1 of the foregoing second
embodiment may be 469 m; and a second preset distance
may be set to 1667 m. Further, to ensure quality of com-
munication between D2D communications terminals, 1t may
be chosen that the first preset distance 1s less than 469 m; and
the second preset distance may also be less than 1667 m, and
a chosen value may be determined according to practical
experience.

It may be obtained from the foregoing justification pro-
cess that, by using a technical solution provided 1n embodi-
ments ol the present mvention, not only D2D communica-
tion can be implemented, but also maintenance of D2D
communication timing 1s simplified. In addition, terminals
in D2D communication may, according to a distance
between two terminals, select a CP type for D2D commu-
nication, thereby improving anti-interference performance
of D2D communications terminals 1n receiving and sending
data separately at their uplink timing or downlink timing,
and eflectively avoiding interference between communica-
tion signals of different D2D terminals and interference with
an uplink signal of a cellular terminal or a downlink signal
ol a base station.

It should be noted here that, in an actual application, i
cach subirame 1n a timing structure of a cell to which a base
station belongs include an OFDM symbol of a normal CP
type, only when a distance between two terminals 1 D2D
communication, performed by using a method provided 1n
embodiments of the present invention, 1s less than or equal
to 469 m, interference of signals of other D2D communi-
cations terminals and interference of uplink signals of other
cellular terminals or downlink signals of base stations may

Lax=(T.,,x3x10° m/s)/3
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be avoided. If each subiframe 1n a timing structure of a cell
to which a base station belongs include an OFDM symbol of
an extended CP type, only when a distance between two
terminals in D2D communication, performed by using a
method provided in embodiments of the present invention,
1s less than or equal to 1667 m, interference of signals of
other D2D commumnications terminals and interference of
uplink signals of other cellular terminals or downlink signals
ol base stations may be avoided. Certainly, 1f two terminals

in D2D communication are 1n a communication cell that has
both an OFDM symbol of a normal CP type and an OFDM

symbol of an extended CP type, the two terminals 1n D2D
communication may choose to, according to an actual dis-
tance, use a method, described 1n embodiments provided by
the present invention, in an OFDM symbol of a specific type
to implement D2D communication.

In specific implementation, a base station may control
cach subirame of the cell, so that in a timing structure of the
cell, there are both a subiframe of a normal CP type and a
subframe of an extended CP type. The base station uses
multiple consecutive subirames of a normal CP type as a
normal CP group; uses multiple subiframes of an extended
CP type as an extended CP group, and the normal CP group
and the extended CP group are distributed at time intervals,
as shown 1n FIG. 11. A terminal 1n D2D communication may
only perform short-distance D2D communication in a nor-
mal CP group; and a terminal in D2D communication may
perform long-distance or short-distance D2D communica-
tion 1n an extended CP group. Actually, both uplink timing
and downlink timing of each terminal 1n D2D communica-
tion are obtained by synchronization according to timing
information sent by a base station. Therefore, uplink timing
and downlink timing of each terminal 1n D2D communica-
tion have a same timing structure as that of the base station.
By using a method described 1n the foregoing embodiments
provided by the present invention, a terminal that performs
D2D communication in the cell may determine, according to
an actual distance, that the communication 1s performed 1n
a normal CP group or an extended CP group. However, to
avoid interference of a signal of long-distance communica-
tion, performed 1n an extended CP group, with a signal of
short-distance communication, performed in a normal CP
group, the terminal 1n D2D communication cannot send data
in a last OFDM symbol of the extended CP group and the
OFDM symbol need to be used as a protection interval.

The {following further describes, with reference to a
specific application example, a case 1n which a terminal-to-
terminal communication method provided 1n embodiments
of the present mnvention may be used to implement multiple-
receiving single-transmitting and multiple-recerving mul-
tiple-transmitting.

The application example, as shown in FIG. 12, includes a
terminal D1, a terminal D2, a terminal D3 and a terminal D4
that perform D2D communication in a cell to which a base
station belongs. In the application example, D2D commu-
nication shares an uplink of cellular communication. In FIG.
12, each triangle represents a different D2D communications
terminal and an arrowhead indicates a flow direction of D2D
communication data. As shown 1n FIG. 13, five timelines 1n
the figure are uplink timing of D1, D2, D3 and D4 and
timing of a base station BS respectively. A distance between
D1, D2, D3 and D4 and a base station BS 1s different, and
the base station BS needs to receive a signal, sent by D1, D2,
D3 and D4, at a same moment. Therefore, the base station
BS needs to separately send different timing advance infor-

mation to D1, D2, D3 and D4. Accordingly, D1, D2, D3 and
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D4 obtain, according to the received timing advance infor-
mation sent by the base station, uplink timing, as shown in
FIG. 13.

D1 sends, 1n a time interval of a first OFDM symbol of
uplink timing of D1, data to D3 and D4. At the same time,
D2 also sends, in a time interval of a first OFDM symbol of
uplink timing of D2, data to D3 and D4. D3 and D4
separately receive, at their uplink timing, data sent by D1
and D2. It can be seen from FIG. 13 that, D3 receives, 1n a
time interval of a first OFDM symbol of uplink timing of D3,
data sent by D1, and a moment when the data sent by D1
arrives at D3 1s exactly equal to a start time of a first OFDM
symbol of uplink timing of D3. Meanwhile, D3 also
receives, 1 a time mterval of a first OFDM symbol of uplink
timing of D3, data sent by D2. It can be seen from the figure
that, a moment when data sent by D2 arrives at D3 1s later
than start time of a first OFDM symbol of uplink timing of
D3, and a moment when data sent by D2 arrives at D3 does
not fall outside a CP range of a first OFDM symbol of uplink
timing of D3, and therefore data that 1s sent by D2 and
received by D3 does not interfere with data that 1s sent by D1
and received by D3. D3 recerves, 1n a first OFDM symbol of
uplink timing of D3, data sent by D1 and D2. If the data sent
by D1 and D2 falls outside a first OFDM symbol of uplink
timing of D3 because of transmission delay and multipath
expansion, as shown in a black grid part in FIG. 13, D3 does
not process data in this part.

Similarly, as shown i FIG. 13, D4 receives, 1n a time
interval of a first OFDM symbol of uplink timing of D4, data
sent by D1, and a moment when the data sent by D1 arrives
at D4 1s exactly equal to the start time of a first OFDM
symbol of uplink timing of D4. Meanwhile, D4 also
receives, 1n a time terval of a first OFDM symbol of uplink
timing of D4, data sent by D2. It can be seen from the figure
that, a moment when the data sent by D2 arrives at D4 1s
later than a start time of a first OFDM symbol of uplink
timing of D4, and a moment when the data sent by D2
arrives at D3 1s exactly equal to the time indicated by a CP
in a first OFDM symbol of uplink timing of D3, and
therefore data that 1s sent by D2 and received by D4 does not
interfere with data that 1s sent by D1 and received by D4.
Similarly, D4 receives, 1n a first OFDM symbol of uplink
timing of D4, data sent by D1 and D2. If the data sent by D1
and D2 falls outside a first OFDM symbol of uplink timing
of D4 because of transmission delay and multipath expan-
s10n, as shown 1n a black grid part in FIG. 13, D4 does not
process data in this part.

As shown 1n FIG. 13, when D3 and D4 send data in their
second OFDM symbol of uplink timing, because both D3
and D4 do not process data that falls outside their first
OFDM symbol of uplink timing, D3 and D4 do not need to
take an RX/TX switch time interval between recerving and
sending data, and both D3 and D4 may directly send data in
their second OFDM symbol of uplink timing, thereby avoid-
ing an overhead of RX/TX switch time in the prior art. As
shown 1n this figure, D3 sends, 1n 1ts second OFDM symbol
of uplink timing, data to D1 and D2, and D4 sends, 1n 1ts
second OFDM symbol of uplink timing, data to D1 and D2.
Same as the process in which D1 sends data to D3 and D4,
and D2 sends data to D3 and D4, as shown 1n FIG. 13, D1
and D2 separately receive, at their uplink timing, data sent
by D3 and D4 without imncurring mutual interference.

It can be learnt from the foregoing description that, a
terminal-to-terminal communication method provided in
cach embodiment of the present invention may be applicable
to multiple-transmitting single-receirving and multiple-trans-
mitting multiple-receiving cases.
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Persons of ordinary skill in the art may understand that, all
or a part of the steps of the method embodiments may be
implemented by a program instructing relevant hardware.
The program may be stored 1n a computer readable storage
medium. When the program runs, the steps of the method
embodiments are performed. The foregoing storage medium
includes: any medium that can store program code, such as
a read-only memory (ROM), a random access memory
(RAM), a magnetic disk, or an optical disc.

FIG. 14 1s a schematic structural diagram of a first
embodiment of a terminal according to the present mnven-
tion. As shown 1n FIG. 14, the terminal described 1n the first
embodiment includes: a recerving module 11 and a process-
ing module 12. The receiving module 11 1s configured to
receive data 1n a first OFDM symbol, where the data 1s sent,
in a second OFDM symbol, by a peer terminal that performs
terminal-to-terminal communication with the terminal, the
first OFDM symbol 1s synchronized by the terminal accord-
ing to first timing information sent by a base station, and the
second OFDM symbol i1s synchronized by the peer terminal
according to second timing information sent by the base
station. The processing module 12 1s configured to, 1t the
first OFDM symbol 1s not synchronized with the second
OFDM symbol, skip processing residual data that 1s sent by
the peer terminal in the second OFDM symbol and that
exceeds a time indicated by the first OFDM symbol.

A terminal described in the first embodiment, when
implementing D2D communication with other terminals,
sends and receives data always at its uplink timing or
downlink timing, thereby avoiding a problem 1n the prior art
that a D2D terminal at a receive end needs to maintain
receive timing by using a complex synchronization process,
and simplilying maintenance of D2D communication tim-
ing. In addition, in the terminal described 1n the first embodi-
ment, a manner of skipping processing residual data 1s
turther used, thereby avoiding an overhead problem in the
prior art that a D2D communications terminal requires an
RX/TX switch time between receiving a signal and sending
a signal. The terminal described 1n this embodiment may
immediately start to send a signal in a next symbol at 1ts
uplink timing or downlink timing, without requiring the
RX/TX switch (RX/TX Switch) time 1n the prior art, thereby
reducing waste of time. In addition, because the terminal
described 1n this embodiment does not need to align with
transmit timing of a D2D terminal at a transmit end when
receiving a signal, the terminal described 1 this embodi-
ment may simultaneously receive data sent by multiple
different peer terminals.

Further, the processing module described 1n the foregoing
embodiment 1s specifically configured to: if the first OFDM
symbol 1s not synchronized with the second OFDM symbol,
receive, 1n a next OFDM symbol of the first OFDM symbol,
residual data that 1s sent by the peer terminal 1n the second
OFDM symbol and that exceeds the time indicated by the
first OFDM symbol, but skip processing the residual data.
Alternatively, the processing module 1s specifically config-
ured to: 1f the first OFDM symbol 1s not synchromized with
the second OFDM symbol, skip receiving and skip process-
ing, i a next OFDM symbol of the first OFDM symbol,
residual data that 1s sent by the peer terminal 1n the second
OFDM symbol and that exceeds the time indicated by the
first OFDM symbol.

Terminals provided by this embodiment of the present
invention may perform D2D communication separately at
their uplink timing or downlink timing, and totally depend
on a CP to counteract a recerving delay and multipath delay,
thereby avoiding inter-carrier interference and iter-symbol
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interference. It can be learnt from the foregoing description
that, a length of a CP restricts a distance between two
terminals that use a technical solution provided by the
present invention to perform D2D communication sepa-
rately at their uplink timing or downlink timing. Therefore,
FIG. 15 shows a schematic structural diagram of a second
embodiment of a terminal according to the present inven-
tion. The terminal described 1n the second embodiment, on
the basis of the foregoing first embodiment, further includes:
a distance determining module 13, a storing module 14, and
a cyclic prefix type determining module 15. In the terminal
described in the second embodiment, a distance between the
terminal and a peer terminal 1s determined, and a cyclic
prefix type of an OFDM symbol 1s determined according to
the distance, so that the terminal and the peer terminal
implement D2D communication in the OFDM symbol of the
determined cyclic prefix type separately at their uplink
timing or downlink timing, thereby eflectively avoiding
interference from other D2D terminal signals and uplink
signals of other cellular terminals or downlink signals of
base stations.

The distance determining module 13 1s configured to
determine a distance between the terminal and the peer
terminal. The storing module 14 1s configured to store a
correspondence between a distance and a cyclic prefix type
of an OFDM symbol. The cyclic prefix type determining
module 15 1s configured to determine, according to the
correspondence between a distance and a cyclic prefix type
of an OFDM symbol, a cyclic prefix type of an OFDM
symbol that corresponds to the distance and 1s determined by
the distance determining module. Accordingly, the receiving
module 11 described in the foregoing first embodiment 1s
configured to recerve data 1n a first OFDM symbol that has
the determined cyclic prefix type. The correspondence
between a distance and a cyclic prefix type of an OFDM
symbol, as described 1n the foregoing Table 1, includes: If
the distance 1s less than or equal to a first preset distance, the
cyclic prefix type of the OFDM symbol 1s a normal cyclic
prefix type or an extended cyclic prefix type; or it the
distance 1s greater than a first preset distance and 1s less than
or equal to a second preset distance, the cyclic prefix type of
the OFDM symbol 1s an extended cyclic prefix type.

Further, as shown 1n FIG. 15, the instance determining
module 13 1n the foregoing second embodiment includes: a
location acquiring unit 131 and a determining unit 132. The
location acquiring unit 131 1s configured to acquire location
information of the peer terminal. The determining unit 132
1s configured to determine the distance between the terminal
and the peer terminal according to the location information.
Specifically, the location acquiring unit may acquire, by
receiving a discovery subirame sent by the peer terminal,
location information of the peer terminal. The discovery
subirame carries the location information of the peer termi-
nal. Alternatively, the location acquiring unit may also
acquire the location inmformation of the peer terminal by
using a GPS.

A technical solution provided by each embodiment of the
present invention may be applied to various communications
systems, for example, a Global System for Mobile Commu-
nications (GSM), general packet radio service (GPRS) sys-
tem, Code Division Multiple Access (CDMA) system,
CDMA2000 system, Wideband Code Division Multiple
Access (WCDMA) system, Long Term Evolution (LTE)
system or Worldwide Interoperability for Microwave Access
(WiIMAX) system.

A base station 1n a technical solution provided by each
embodiment of the present mnvention may be a base trans-
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ceiver station (BTS) in a GSM system, GPRS system or
CDMA system, a NodeB in a CDMA2000 system or
WCDMA system, an evolved NodeB (eNB) in an LTE
system, or an access service network base station (ASN BS)
in a WiMAX network, and other network elements.

Finally, 1t should be noted that the foregoing embodiments
are merely mtended for describing the technical solutions of
the present invention other than limiting the present inven-
tion. Although the present invention 1s described 1n detail
with reference to the foregoing embodiments, persons of
ordinary skill 1n the art should understand that they may still
make modifications to the technical solutions described in
the foregoing embodiments or make equivalent replace-
ments to some or all technical features thereof, without
departing from the scope of the technical solutions of the
embodiments of the present invention.

What 1s claimed 1s:

1. A terminal-to-terminal communication method, com-
prising:

determining, by a first terminal, a distance between the

first terminal and a second terminal;

determining, by the first terminal, a cyclic prefix type of

an orthogonal {requency division multiplexing
(OFDM) symbol by comparing the distance to preset
distances corresponding to a plurality of cyclic prefix
types, wherein the OFDM symbol received 1in a first
OFDM symbol timing has the determined cyclic prefix
type;

determiming, by the first terminal, a data receiving mode

corresponding to the cyclic prefix type and according to
the determined distance;

recerving, by the first terminal, data in the first OFDM

symbol timing according to the data receiving mode,
wherein the data 1s sent by the second terminal 1n a
second OFDM symbol, wherein the first OFDM sym-
bol timing 1s synchronized by the first terminal to first
uplink or downlink timing information sent by a base
station, and wherein the second OFDM symbol 1s
synchronized by the second terminal to second uplink
or downlink timing information sent by the base sta-
tion;

skipping receiving, by the first terminal 1n a next OFDM

symbol timing after the first OFDM symbol timing
when the first OFDM symbol timing 1s not synchro-
nmized with the second OFDM symbol, residual data that
1s sent by the second terminal 1n the second OFDM
symbol, but arrives at the first terminal after the first
OFDM symbol timing due to transmission delay or
multipath expanding; and

skipping processing, by the first terminal in the next

OFDM symbol timing after the first OFDM symbol
timing when the first OFDM symbol timing i1s not
synchronized with the second OFDM symbol, the
residual data that 1s sent by the second terminal in the
second OFDM symbol and that exceeds the time 1ndi-
cated by the first OFDM symbol timing.

2. The terminal-to-terminal communication method
according to claim 1, wherein the distance 1s less than or
equal to a first preset distance, and wherein the cyclic prefix
type of the OFDM symbol 1s a normal cyclic prefix type.

3. The terminal-to-terminal communication method
according to claim 1, wherein the distance is less than or
equal to a first preset distance, and wherein the cyclic prefix
type of the OFDM symbol 1s an extended cyclic prefix type.

4. The terminal-to-terminal communication method
according to claim 1, wherein the distance 1s greater than a
first preset distance and less than or equal to a second preset
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distance, and wherein the cyclic prefix type of the OFDM
symbol 1s an extended cyclic prefix type.

5. The terminal-to-terminal communication method
according to claim 1, wherein the determining, by the first
terminal, the distance between the first terminal and the
second terminal comprises:

acquiring, by the first terminal, location information of the
second terminal; and

determining, by the first terminal, the distance between
the first terminal and the second terminal according to
the location information.

6. A terminal, comprising:

a recerver configured to receive data 1n a first orthogonal
frequency division multiplexing (OFDM) symbol,
wherein the data 1s sent 1n a second OFDM symbol by
a peer terminal that performs terminal-to-terminal com-
munication with the terminal, wherein the first OFDM
symbol timing 1s synchronized by the terminal to first

uplink or downlink timing information sent by a base
station, and wherein the second OFDM symbol 1s
synchronized by the peer terminal to second uplink or
downlink timing information sent by the base station;
a processor coupled to the receiver and configured to:
skip receiving, in a next OFDM symbol timing after the

first OFDM symbol timing when the first OFDM

symbol timing 1s not synchronized with the second
OFDM symbol, residual data that 1s sent by the peer

terminal 1n the second OFDM symbol, but arrives at
the terminal after the first OFDM symbol timing due
to transmission delay or multipath expanding;
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skip processing, in the next OFDM symbol timing after
the first OFDM symbol timing, the residual data that
1s sent by the peer terminal 1n the second OFDM
symbol and that exceeds the time indicated by the
first OFDM symbol timing when the first OFDM
symbol timing i1s not synchronized with the second
OFDM symbol;

determine a distance between the terminal and the peer
terminal;

and
a memory coupled to the processor and configured to

store a correspondence between the distance and a
cyclic prefix type of an OFDM symbol,

wherein the processor 1s further configured to:

determine, the cyclic prefix type of the OFDM symbol
that corresponds to the distance by comparing the
distance to preset distances corresponding to a plu-
rality of cyclic prefix types; and

determine, a data recerving mode corresponding to the
determined cyclic prefix type and according to the
distance, and

data 1n the first OFDM symbol timing that has the
determined cyclic prefix type and according to the data
receiving mode.

7. The terminal according to claim 6, wherein the pro-

cessor 15 further configured to:

acquire location mformation of the peer terminal; and

determine the distance between the terminal and the peer

terminal according to the location information.
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